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Summary 
By improving an old system for quick analyzing tree forms and strutures of leaf canopies which 
was reported previously， a new system was constructed for estimation of their seasonal changes and 
tested with several deciduous fruit trees. In order to simulate seasonal changes in theirradiation dis. 
tribution in their canopies， the seasonal data of leaf distribution in a space which were presented from 
the new system were used in the simulation model of distributions of radiational flux at leaf sufaces in 
a fruit tree crown. 
1. Lengths of shoots， inclination angles of both shoots and other species of branches and mean 
leaf area were measured seasonally in many deciduous fruit trees. Multiple regression analysis were 
done to estimate the above 3 values using final length， final inclination angle and distance from center 
of a tree of each individual shoot or branch and number of day of estimating time from leafing as the 
predictor variables. The results of the analysis were almost good and their partial coefficients were 
used into the new system as parameters. 
2. In the new system， ratio of shoot length， inclination angle of shoots， that of other species of 
branches and mean leaf area at any time are estimated by using the multiple regression formulas. Then 
the space coordinates of al shoots and branches at any time are calculated by using cubic geometry， 
the estimated values from the multiple regression formulas and their original space coordinates which 
were given from 2 photographs of a tree after defoliation but before prunning. The new system analy 
zes tree forms and structures of leaf canopy seasonally by using calculated space coordinates of shoots 
and branches and mean leaf area at each time. 
3. The results from the tests of the new system demonstrated successfully seasonal changes in 
the tree forms， the tree crown forms and the distributions of both shoot length and leaf area density 
etc. in the fruit trees sampled. And the results showed the slight changes in the tree widths， the tree 
heights， the volumes of tree crown and the unavailable volumes， but they showed the dynamic changes 
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in the volumes of leaf canopy and the degrees of boldness throughout the season. 
4. The distributions of radiational flux at leaf surfaces in the crowns were influenced by the 
seasonal increases of leaf mass and by the seasonal changes in strength of incident radiation. The later 
the season， the darker the fruit crowns. In the each tree sampled， the total radiation at leaf surfaces 
had a peak at the end of July when the leaf mass reached at plateau. The irrad山 Iceefficiency (= total 
radiation at leaf surfaces/total radiation at soil surface of area occupied by leaf canopy X 100， %) 
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Fig. 1. A flow chart of the new system (“The analyzing system of seasonal changes of tree form and 
structure of leaf canopy of fruit trees"). The part enclosed with a broken line is almost simi-


































































































'Jonathan' (M. tnmifolia) 
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Table l. Materials used for measuring parameters of shoots 
Age of tree Training 
(years old) 
1 Open-center 
1 Central leader 
1 Central leader 
1 Central leader 






1 Modefied leader 
1 Modefied leader 



















Place Date of measuring 
Takasaka 5/20 5/31 6/10 6/21 7/5 7/21 8/20 9/17 10/18 1/28 
Takasaka 5/20 5/31 6/10 6/21 7/5 7/21 8/20 9/17 10/18 11/28 
Takasaka 5/20 5/31 6/10 6/21 7/5 7/21 8/20 9/17 10/18 11/28 
Takasaka 5/20 5/31 6/10 6/21 7/5 7/21 8/20 9/17 10/18 11/28 
Takasaka 5/20 6/2 6/10 6/21 7/5 7/21 8/20 9/17 10/18 1/28 
Takasaka 5/20 6/2 6/11 6/22 7/5 7/22 8/20 9/17 10/18 11/28 
Takasaka 5/21 6/2 6/1 6/22 7/6 7/22 8/23 9/19 10/19 11/28 
Takasaka 5/21 6/2 6/1 6/22 7/6 7/22 8/23 9/19 10/19 11/28 
Takasaka 5/21 6/2 6/1 6/22 7/6 7/22 8/23 9/19 10/19 11/28 
Takasaka 5/21 6/4 6/11 6/22 7/6 7/228/23 9/19 10/19 11/17 
Takasaka 5/24 6/6 6/13 6/23 7/8 7/28 8/24 9/21 10/22 1/28 
Takasaka 5/24 6/6 6/13 6/23 7/8 7/28 8/24 9/21 10/25 11/28 
Takasaka 5/24 6/6 6/13 6/23 7/8 7/28 8/24 9/21 10/25 1/28 
Takasaka 5/24 6/6 6/14 6/24 7/12 7/288/25 9/21 10/25 11/17 
Takasaka 5/24 6/6 6/14 6/24 7/12 7/28 8/24 9/21 10/25 11/17 
Takasaka 5/24 6/6 6/14 6/24 7/12 7/28 8/25 9/21 10/25 11/17 
Takasaka 5/25 6/7 6/15 6/24 7/12 7/28 8/25 9/22 10/27 11/17 
Takasaka 5/25 6/7 6/15 6/24 7/12 7/298/25 9/22 10/27 11/17 
Takasaka 5/25 6/7 6/15 6/24 7/12 7/29 8/25 9/22 10/27 11/17 
Wakabacho 5/26 6/7 6/15 6/25 7/13 7/29 8/26 9/22 10/27 11/18 
Wakabacho 5/26 6/7 6/15 6/25 7/13 7/29 8/26 9/22 10/27 11/18 
Wakabacho 5/26 6/7 6/15 6/25 7/13 7/29 8/26 9/22 10/27 11/18 
Takasaka 5/19 5/30 6/9 6/20 7/4 7/21 8/18 9/14 10/17 1/17 
Takasaka 5/19 5/30 6/9 6/20 7/4 7/21 8/18 9/14 10/17 11/17 
Takasaka 5/19 5/30 6/9 6/20 7/4 7/21 8/18 9/14 10/17 11/17 
Takasaka 5/19 5/30 6/9 6/20 7/4 7/208/18 9/14 10/17 1/17 
Takasaka 5/19.5/30 6/9 6/20 7/4 7/208/18 9/14 10/17 11/17 
Takasaka 5/19 5/30 6/9 6/20 7/4 7/208/18 9/14 10/17 11/17 
Takasaka 5/21 6/6 6/13 6/23 7/8 7/22 8/23 9/19 10/22 11/28 
Takasaka 5/21 6/6 6/13 6/23 7/8 7/22 8/23 9/19 10/22 11/28 



















X 2'=cosα'/cosα (X2-X1)+X1 






た合計7点の座標点(P1，P2， P3， P4， P5， P6， P7) 
からなる (Fig.3). したがって，基部の点 P1の座標
が不変のまま，傾斜角度が一様に/::;.Q(=α α')だけ
小さくなる時の7点の座標(P1， P 2'， P 3'， P4'， P 5'， 
P6'， P7)を求めることになる (Fig.3). 説明を簡単
にするため，P2→P2'とP3→P3'の場合を示す(Fig
4). P 1 P 2がP1P2'に変化する場合は上記の場合と
全く同じ変換になり， (2)， (3)， (4)式を用いればよい.
次に P3の座標の変化については Fig.4に示した様
Z 
P2' (X2'， Y2'， 22') 
Pl(Xl， Y1， 21) X 
ぺ
Y 
Fig. 2. Changes in space-coordinates of one ter-
minal point of a straight line when the 






X 3'=coss'/coss (X 3-X 1) +X 1 















Fig. 3. Changes of 7 points which divide a bent 
line to the 6 parts when the inclination 
angles of 6 parts (Jines) change equally. 










Fig. 4. Changes in space-coordinates of one ter-
minal point of a bent line when the in 
clination angles of the 2 parts change 












Fig. 5. A gap of branching point (Pl→pJ') of a 
stem on a mother stem when the inclina. 
tion angle of the mother stem changes ('1 
→ '1'). M 1 : a mother stem， M 2: a mother 
stem with the change of inclination angle， 
A : abranched stem， B: a branched stem 
without the change of inclination angle， 
C: a branched stem with the change of 
inclination angle. 
枝 M2になった場合を考える.この場合，分岐点 Pl
(X， Y， Z)も移動し，P l'(X'，γ， Z')になったとする.
このPl'の空間座標の求め方は(1)で示した方法と同
じであり，母校の基部のNの空間座標を (xo，YO， ZO) 
とすれば， (8)， (9)， (10)式で計算される.
























の空間座標(X，Y， Z)により計算できる (Fig.5). 
dX=X'-X= (cOS'1'/cos'1-l) (X-XO) (1) 
dY=Y'-Y= (coS'1'/cos'1-l) (Y-YO) (1t) 
dZ=Z'-Z= (sin'1'-sin'1) 
































記(2)の方法により傾斜角度が修正されて 7点Pi'(i= 1 
-7)になったものとし，その空間座標を Xi'， Yi'， zi' 
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P6' ， P4' ， ‘ ~ 
P2' ，ι .ー .~ P7" 






Fig. 6. Movements of 7 points with change in the 
inclination angle and the length of the 
bent line. A: Original points. B: With 
changes in the inclination angle only. C: 











短縮された 7点Pi"(i = 1-7)の空間座標をXiヘ
Yi"， Zi" (i = 1-7)とする (Fig.6のC).また 2点P
6' (X 6' ， Y 6' ， Z 6')とP7(X7， Y7， Z7)の聞の距
離を L67とする.点 P7の短縮処理後の点 P7'の
空間座標(X7'， Y 7'， Z 7')は空間内を走る直線の内
分比の法則により(14)， (15)，同式で表現できる.
X7'= (X6'+U67' X7)/(l+U67) (14) 
Y7'= (Y6'+U67' Y7)/(l+U67) 同
Z 7"= (Z 6'+U67' Z 7)/ (1 +U67) 同
ただし， U67=L67/(L_' R)-l 仕司
である.
同様に点 P6'の短縮処理後の点 P6"の空間座標
(X6"， Y6ぺZ6づは(18)， (19)， (20)式で表現できる.
X 6" = (X 5' + U 56 . X 6') / (1+ U 56) (18) 
Y6"= (Y6'+U 56・Y6') / (1+ U 56) (19) 
Z6"= (Z6'+U56・Z6')/(l+U56) 側
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Fig. 7. Seasonal changes in the ratio of shoot lengths (= shoot length at each stage/final shoot 
length) of several deciduous fruit 
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Table 2. Results of multiple regression analyses for estimating of ratio of shoot length (shoot length/ 
final shoot length) 
Fruit species n R， Coefficient of R'X100 F value Significance 
Cultivar multiple correlation (%) by F-test 
Apple 
‘Red Spur' 150 0.9398 88.33 368.6 P<O.Ol 
‘Fuji' (MM106) 150 0.9603 92.22 341.3 P<O.Ol 
‘Mutsu' (MM106) 135 0.9397 88.31 195.0 P<O.Ol 
‘Mutsu' (M26) 126 0.9555 91.30 208.3 P<O.Ol 
‘Starking Delicious' (M26) 150 0.9478 89.83 254.6 P<O.01 
下uji'(M. trunifolia) 150 0.9559 91.39 384.9 P<O.Ol 
‘Tsugaru' (M. trun約lia) 130 0.9416 88.67 160.4 P<O.01 
'Jonathan' (M. trunifolia) 135 0.9416 88.67 341.9 P<O.Ol 
‘Ralls' (M. trunifolω) 135 0.9529 90.80 320.8 P<O.01 
Japanese persimmon 
‘Hiratanenashi' 140 0.9223 85.06 152.6 P<O.Ol 
Chestnut 
‘Tanzawa' 140 0.9041 81.75 151.2 P<O.Ol 
'Ibuki' 117 0.8995 80.92 94.1 P<O.Ol 
‘Tsukuba' 126 0.9293 86.36 191.6 P<O.Ol 
Walnut 
‘Banshur' 126 0.9275 86.03 186.3 P<O.Ol 
‘Shinrei' 140 0.9336 87.16 307.8 P<O.Ol 
‘Yorei' 99 0.9647 93.07 425.8 P<O.Ol 
Peach 
‘Okubo' 120 0.9337 87.18 155.1 P<O.Ol 
‘Koyohakuto' 130 0.9515 90.53 237.2 P<O.Ol 
'Hakuho' 140 0.9430 88.92 364.1 P<O.Ol 
Cherry 
‘Rockport' 117 0.9485 89.96 511.0 P<O.Ol 
‘Satonishiki' 126 0.9402 88.41 230.8 P<O.Ol 
‘Napoleon' 120 0.9604 92.23 270.9 P<O.Ol 
J apanese pear 
‘Shinsui' 150 0.8618 74.27 83.1 P<O.Ol 
‘Chojuro' 140 0.9135 83.45 228.5 P<O.Ol 
‘Shinseiki' 130 0.9082 82.48 116.7 P<O.Ol 
Pear 
'Bartlett' 110 0.9050 81. 91 118.8 P<O.Ol 
‘La France' 90 0.8686 75.46 51.6 P<O.Ol 
‘Grand Champion' 130 0.9348 87.39 291.2 P<O.Ol 
Grape 
‘Delaware' 112 0.9847 96.96 855.0 P<O.Ol 
‘Neo Muscat' 108 0.9735 94.77 467.4 P<O.01 
‘Stuben‘ 99 0.9754 95.15 621.8 P<O.Ol 
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Table 3. Parameters for estimating ratio of shoot length (= shoot length/final shoot length). The for. 
mula was as follow: Ratio of shoot length=SL1 XND+SL2XND2+SL3XND3+SL4XDFC+ 
SL5XFIA +SL6XFL+SL7. ND: Day number， DFC: Final distance from crown center， FIA : 
Final inclination angle， FL : Final shoot length 
Fruit species Parameters (partial coefficients) 
Cultivar SL1 SL2 SL3 SL4 SL5 SL6 SL7 
Apple 
'Red Spur' 0.01562 -0.0000563 。 。 。 -0.0002106 0.08421 
'Fuji' (MM106) 0.02393 -0.0001738 0.000000410 。 -0.0006661 -0.0001405 0.02182 
'Mutsu・(MM106) 0.02421 -0.0001709 0.000000362 。 0.0008019 -0.0002493 0.01607 
Mutsu' (M26) 0.00982 0.0000681 -0.000000611 -0.0007620 0.0009421 -0.0002660 0.21615 
'Starking Oelicious' (M26) 0.01908 -0.0000997 0.000000132 -0.0005653 。 0.0002071 0.07696 
‘Fuji・(M.tru町内lia) 0.02538 -0.0002023 0.000000523 。 。 -0.0002505 0.02791 
'Tsugaru' (M. tnm約lia) 0.02023 -0.0001286 0.000000269 -0.0008132 -0.0016849 -0.0002026 0.25118 
。Jonathan'(M. trunifolia) 0.01917 -0.0000853 。 。 。 -0.0003290 0.07161 
‘Ralls' (M. trunザ'olia) 0.02359 -0.0001227 0.000000005 。 。 -0.0001937 0.01251 
Japanese persimmon 
Hiratanenashi' 0.03121 -0.0003222 0.000001008 。 -0.0007856 -0.0003213 0.15650 
Chestnut 
。Tanzawa' 0.03115 -0.0003363 0.00000109 。 。 -0.0004005 0.19958 
白Ibuki' 0.02332 -0.000196 0.000000558 。 -0 . 0009384 -0 . 0003870 0.19834 
'Tsukuba' 0.03991 -0.0005402 0.000002185 -0.0003482 。 。 0.19777 
Walnut 
‘Banshun' 0.03885 -0.0005455 0.000002307 0.0003256 。 。 0.09699 
‘Shinrei' 0.03228 -0.0003508 o . 000001136 。 。 。。 0.12406 
白Yorei' 0.03772 -0.0004683 0.000001769 。 。 0.05807 
Peach 
'Okubo' 0.02431 -0.0002079 0.000000577 -0 . 0006582 。 -0.0003896 0.15207 
‘Koyohakuto' 0.02306 -0.0001709 0.000000414 -0.0006727 。 -0.0002903 0.14176 
'Hakuho' 0.02122 -0.0001572 0.000000391 。 。 。 -0.01057 
Cherry 
‘Rockport' 0.01902 -0.0000820 。 。 。 。 -0.03871 
'Satonishiki 0.13663 。 -0.000000296 -0.0005148 。 -0.0001375 0.05874 
'Napoleon' 0.00909 0.0001435 -0.000001223 。 -0.0010496 -0.0001316 0.07654 
J apanese pear 
。Shinsui 0.02415 -0.0002248 0.000000676 。 -0.0021258 -0.0000716 0.22051 
‘Ch白Jur凸' 0.01636 -0.0000618 。 0.0004484 。 。 -0.10319 
'Shinseiki 0.02118 -0.0001494 0.000000343 -0.0009123 -0.0016733 。 0.29662 
Pear 
'Bartlett' 0.02084 -0.0001646 0.00000044 。 。 0.0001416 0.09298 
‘La France 0.01938 -0.0001412 0.00000035 -0.0009109 。 -0.0002083 0.25508 
'Grand Champion' 0.01518 -0.0000547 。 。 。 0.0001574 0.06036 
Grape 
'Oelaware' 0.03085 -0.0002786 0.00000074 。 。 -0.0000848 0.02130 
‘Neo Muscat' 0.02709 -0.0002219 0.00000057 。 。 -0.0001375 0.04901 
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Table 4. Results of multiple regression analyses for estimating inclination angle of shoot 
Fruit species 日 R. Coefficient of R'X 100 F value Significance 
Cultivar multiple correlation (%) by F-test 
Apple 
‘Red Spur' 135 0.8852 78.35 158.11 P<O.OI 
‘Fuji(MM106) 135 0.8562 73.31 119.94 P<O.OI 
'Muts正(MM106) 135 0.9425 88.84 465.99 P<O.OI 
'Mutsu' (M26) 126 0.8312 69.09 80.48 P<O.OI 
‘Starking Delicious' (M26) 135 0.8785 77.18 147.73 P<O.OI 
'Fuji' (M. prunifolia) 135 0.6764 45.76 36.84 P<O.OI 
'Tsugaru' (M. prunifolia) 117 0.9237 85.33 129.14 P<O.OI 
‘Jonathan' (M. trunザolia) 135 0.8382 70.27 91.40 P<O.OI 
‘Ralls' (M. trunifolia) 135 0.9607 92.31 464.24 P<O.OI 
Japanese persimmon 
‘Hiratanenashi' 126 0.9383 88.05 176.84 P<O.OI 
Chestnut 
‘Tanzawa' 126 0.8365 69.98 46.24 P<O.OI 
‘Ibuki・ 117 0.7944 63.11 33.54 P<O.OI 
‘Tsukuba' 126 0.8867 78.63 98.48 P<O.OI 
Walnut 
'Banshun' 126 0.9500 90.26 196.49 P<O.OI 
‘Shinrei' 126 0.9660 93.32 335.41 P<O.OI 
‘Yorei' 99 0.9067 82.22 75.87 P<O.OI 
Peach 
'Okubo' 108 0.8405 68.68 76.05 P<O.OI 
'KoyohakuW' 117 0.9487 90.01 339.05 P<O.OI 
'Hakuho' 126 0.9123 83.24 202.00 P<O.OI 
Cherry 
‘Rockport・ 117 0.8807 77.58 115.34 P<O.OI 
‘Satonishiki' 126 0.8848 78.28 129.81 P<O.OI 
‘Napoleon' 135 0.9374 87.87 181.22 P<O.OI 
Japanese pear 
‘Shinsui' 135 0.9347 87.37 302.21 P<O.OI 
‘Chojuro' 126 0.7747 60.02 61.06 P<O.OI 
'Shinseiki' 117 0.6881 47.35 33.88 P<O.OI 
Pear 
'Bartlett' 99 0.8805 77.54 75.96 P<O.OI 
‘La France' 81 0.8252 68.22 48.66 P<O.OI 
'Grand Champion' 117 0.5884 34.62 19.94 P<O.OI 
Grape 
‘Delaware' 126 0.7240 52.41 52.33 P<O.OI 
‘Neo Muscat' 108 0.7019 49.27 45.17 P<O.OI 
‘Stuben' 99 0.8155 66.51 55.61 P<O.OI 
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Table 5. Parameters for estimating shoot inclination angle (degree) at each ti汀I町町r
was as follow: Shoot inclination angl怜e=SAlXND+SA2 XND'+SA3 XND3+ SA4 X 
NDO口5+SA5XRQ + SA6 XDFC+ SA 7XFL + SA8 XFIA十SA9.ND: Day number， RQ: 
Ratio of shoot length (shoot length/final shoot length)， DFC: D叫 ancefrom crown cen. 
ter， FL : Final shoot length， FIA : Final inclination angle of shoot. 
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Parameters (partial coefficients) 
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Fig. 9. Relations between inclination angles at harvesting stage and that after defoliation of primary 
and secondary scaffold branches of several deciduous fruit trees. Straight lines of 450 indicate 
relations of 1 : l.
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Fig. 10. Relation between inclination angles at harvesting stage and that after defoliation of their 
lateral branches 
. Hiratanenashi ' 










































50 50 -50 0 50 -50 
Angle after defoliation(degree) 


























































なったことを意味した(Table7の B3，L3， P3). ま
Table 6. Results of multiple regression analyses for estimating inclination angles at harvesting stage 
of bien日ialbranch， lateral branch and first-second scaffold branch. Significances by F -test 
were below than 0.01 in al cultivars. 
Fruit species Bienial branch Lateral branch First-second scafold branch 
Cultivars n RZ R'X100(%) F、 n R R'XlOO(%) F n R R'X100(%) F 
p^ple 
Fl1ji (M26) 20 0.9881 97.64 746.65 20 0.9789 95.83 390.71 20 0.9247 85.50 50.157 
'Fuji (M. pnmijo/ia) 20 0.9839 96.81 546.60 20 0.9809 96.22 458.84 20 0.9629 92.71 216.49 
Japanese persimmon 
‘Hiratanena日hi' 20 0.9612 92.39 218.73 20 0.9438 89.09 147.01 20 0.9920 98.41 120.57 
Chcstnl1t 
白Ibl1ki 20 0.9557 91.34 189.97 20 0.9917 98.35 1016.7 20 0.9926 98.53 1213.6 
Walnl1t 
'Shinrei 20 0.9690 93.90 277 .16 20 0.9687 93.84 274.33 20 0.9834 96.71 530.23 
lCoeficients of multiple regresion，、Fva¥ue 
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Table 7. Parameters for estimating inclinat削 1angle (degree) of bienn凶 branch，lateral branch and 
first-second scaffold branch. These formula were as follow : 
Inclinat削 1angle of biennial branch = FIA - IFIA一(B1XDFC+B2XFIA +B3) IIHARVEST 
XND 
Inclination angle of lateral branch = FIA -IFIA一(L1XDFC十L2XFIA+L3)IIHARVESTX
ND 
Inclination angle of first -second scaffold branch = FIA - IFIA一(P1XDFC+P2XFIA +P3) I 
IHARVESTXND 
ND: Day number， DFC: Distance from crown center， FIA : Final inclination angle of branch， 
HARVEST: Day number at harvest 
Fruit species 
Cultivars B1 B2 B3 
Apple 
‘Fuji'(M26) 。0.9358 -5.1257 
'Fuji' (M. prunザ'olia) O 0.9494 -2.1889 
Japanese persimmon 
‘Hiratanenashi' O 1.0411 -14.4531 
Chestnut 
‘Ibuki' O 0.9647 -17.7642 
Walnut 













7に示した 2年生枝の B1，B2， B3，側枝の L1，











L2 L3 Pl P2 P3 
0.9993 4.2128 -0.0757 0.9941 9.6110 
1.0040 -2.6981 O 0.9144 -2.6677 
1.0677 4.9661 O 1.0067 -2.8748 
1.1031 -10.2880 O 1.0475 -4.0439 










Fig.11)からの数値を用いて (cosy ， / cosy -1)または
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Fig. 12. Relations between difference in inclination angle (= final angle -angle at harvesting stage = 
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好な結果を得た(Table8とTable9). なお， Table 10 
には個葉面積のプラトー到達日を展葉後日数で記載し
たが，これもパラメータとして用いた.
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Table 8. Results of multiple regression analyses for estimating mean leaf area 
Fruit species 日 R. Coeficient of R'X100 F value Significance 
Cultivar multiple regression (%) by F-test 
Apple 
‘Red Spur' 9 0.9583 91.84 33.76 P<O.Ol 
‘Fuji' (MM106) 7 0.9730 94.68 35.65 P<O.Ol 
'Mutsu' (MM106) 9 0.9822 96.48 45.72 P<O.Ol 
‘Mutsu' (M26) 8 0.9850 97.02 81.60 P<O.Ol 
‘Starking Delicious' (M26) 10 0.9836 96.76 59.82 P<O.Ol 
‘Fuji' (M. trunifolω) 8 0.9794 95.92 58.87 P<O.Ol 
‘Tsugaru' (M. trunifolia) 8 0.9645 93.03 17.81 P<O.Ol 
'Jonathan' (M. trunifolia) 10 0.9777 95.59 75.92 P<O.Ol 
‘Rals' (M. tTunifolia) 8 0.9788 95.80 57.09 P<O.Ol 
Japanese persimmon 
'Hiratanenashi' 10 0.9922 98.02 224.44 P<O.Ol 
Chestnut 
‘Tanzawa 8 0.9815 96.35 66.05 P<O.Ol 
'Ibuki' 8 0.9852 97.08 83.12 P<O.Ol 
‘Tsukuba' 9 0.9931 98.64 121.17 P<O.Ol 
Walnut 
‘Banshun' 8 0.9681 93.72 37.33 P<O.Ol 
‘Shinrei' 7 0.9684 93.79 30.25 P<O.Ol 
‘Yorei' 8 0.9710 94.28 41.27 P<O.Ol 
Peach 
‘Okubo' 10 0.9940 98.80 165.88 P<O.01 
‘Koyohakuto' 10 0.9932 98.65 257.00 P<O.Ol 
'Hakuho' 8 0.9962 99.25 334.20 P<O.Ol 
Cherry 
‘Rockport' 10 0.9959 99.20 248.37 P<O.Ol 
'Satonishiki' 8 0.9783 95.72 29.86 P<O.Ol 
‘Napoleon' 10 0.9949 98.98 195.40 P<O.Ol 
J apanese pear 
‘Shinsui' 10 0.9003 81.05 8.55 P<0.05 
‘Chojuro' 7 0.9811 96.26 25.79 P<0.05 
'Shinseiki' 8 0.9648 93.10 17.99 P<O.Ol 
Pear 
‘Bartlet' 10 0.8879 78.84 7.45 P<O.Ol 
'La France' 10 0.8870 78.69 7.38 P<0.05 
‘Grand Champion' 10 0.8963 80.33 8.17 P<0.05 
Grape 
‘Delaware' 8 0.9976 99.53 286.15 P<O.Ol 
'Neo Muscat' 8 0.9872 97.46 96.1 P<O.Ol 
‘Stuben' 8 0.9810 96.24 64.11 P<O.Ol 
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Table 9. Parameters for estimating mean leaf area (cm2) • The formula was 
as follow: Mean leaf area=LAl XND+LA2XND2+LA3XND3+LA4 
ND: Day number 
Fruit species Parameters (part凶 coeff民ients)
Cultivar LAl LA2 LA3 LA4 
Apple 
‘Red Spur' 0.3171 0.001557 O 2.9561 
‘Fuji' (MM106) 0.4747 0.002915 O 2.6692 
‘Mutsu' (MM106) 1.1626 0.013030 0.00005089 1.4306 
‘Mutsu' (M26) 0.8434 -0.004728 O 3.1051 
‘Starking Delicious' (M26) 0.4447 0.004509 0.00001639 1.4876 
‘Fuji' (M. prunifolia) 0.4145 0.002324 O 1. 9674 
‘Tsugaru' (M. p間 nザolia) 0.7188 0.010062 0.00004802 2.5304 
'Jonathan' (M. prunifolia) 0.2798 0.001169 O 2.2328 
'Ralls' (M. prunifolia) 0.4954 -0.002728 O 2.9033 
Japanese persimmon 
'Hiratanenashi' 1.2784 O 0.00003234 3.2744 
Chestnut 
‘Tanzawa' 1. 3732 -0.008375 O 1.2191 
‘lbuki' 1.4444 0.008951 O 2.6173 
‘Tsukuba' 2.0207 -0.025846 0.0001059 4.5128 
Walnut 
'Banshun' 1.4379 0.009319 O 5.5915 
‘Shinrei' 2.0131 -0.014461 O 3.5923 
‘Yorei 1.3287 O -0.00006387 -1.4534 
Peach 
‘Okubo' 0.6947 0.005425 0.00001817 0.8733 
‘K凸yohakuto' 0.6864 0.002649 O -0.6303 
'Hakuho' 0.5637 O -0.00002075 0.4580 
Cherry 
‘Rockport' 1.5914 -0.01449 0.00004836 0.3805 
‘Sat凸日ishiki' 1.6929 0.01968 0.00008179 3.5763 
‘Napoleon' 1. 2416 0.01024 0.00003337 2.5928 
Japanese pear 
‘Shinsui 1.4705 0.02041 0.0000847 8.4937 
‘Choj白ro' 2.l335 一0.03280 0.0001573 3.5701 
‘Shinseiki' 1.4114 0.02017 0.00009577 4.9913 
Pear 
‘Bartlett' 0.5150 0.007076 0.00002932 3.7425 
‘La France' 0.4603 ー 0.006424 0.00002682 2.9799 
‘Grand Champion' 0.5214 0.007210 0.00002956 3.5187 
Grape 
‘Delaware' 1.8356 0.01685 0.00007374 2.9484 
‘Neo Muscat' 1.7453 O -0.00004708 一1.7734
‘Stuben' 2.9018 O 0.0001291 1.1725 
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Table 10. Day numbers at plateau of mean shoot growth and mean leaf area enlargement 
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Fig. 14. Original photographs of a walnut 
‘Yorei'. A: X-Y photograph， B: Z-Y 
photograph. 
Fig. 15. Photographs of tree crown at each stage 
of 'Yorei'. They were photographed in 
almost same direction of one' s eye as 
the Z-Y photograph indicated in Fig. 14 
A: May 16， B :Jun. 2， C :Jun. 28， D :Jul 











リットモデル図(RX=200，RY=3450， RZ=Oo， Fig. 19) 
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Fig. 16. Drawings of tree form of the ‘Yorei' at 
each stage in the a same direction of 
one's eye as the Z-Y photograph indi. 
cated in Fig. 14 
Fig. 17. Drawing of tree crown form of the 
'Yorei' at each stage in the same direc 
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May 16 Jun.2 Ju1.22 
Fig. 18. Projections of distribution of number of leaves of the‘Yorei' from overhead at 3 stages. One 
symbol (dot) indicates 2 leaves. Length of a side of a block equals 36 cm. 
Fig. 19. Solid models of the 'Yorei' at each stage. RX=200， RY=1500， RZ=OO(side view). Length of a 
























‘Hiratanenashi ' I Tanzawa ' ‘Fuji'仰.prunifolia)
Fig. 20. Photographs of tree crown at the end of ]uly (photographs) ， drawings of tree crown form 
(upper)， tree form (middle) and solid model (lower， RX=750， RY=3450， RZ=Oo， looki昭 up)
of 3 fruit cultivars (a ]apanese persimmon， 'Hiratanenashi'， a chestnut， 'Tanzawa' and an ap-
ple， 'Fuji' (M. prunifolia)). 
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Fig. 24. Heght distribution of leaf area index of 






Fig. 21. Distributions of shoot length of the 
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Fig. 26. Seasonal changes in several ecological elements of the 'Tanzawa' (Ieft) and the百iratanenashi' 
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Fig. 29. Seasonal changes in total shoot length of 
the 4 cultivars. Symbols refer to Fig. 27. 
Fig. 27. Seasonal changes in leaf area index 
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Fig. 30. Seasonal changes in mean inclination 
angle of shoots of the 4 cultivars. Sym 
bols refer to Fig. 27. 
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Fig. 28. Seasonal changes in mean leaf area densi. 























6 12 15 
Time of day 
18 
Fig. 31. Diurnal changes in direct solar radia. 
tions (solid lines) and skyl凶lt(dotted 
lines) at horizontal plane as photosyn. 
thetical active radiation measured at 
Tsuruoka on fine days at 10 stages indト
cated as follow. A. a: May 12， B， b: May 
19， C.c:Jun.4. D. d:Jun.30， E， e:Jul. 
20. F. f: Aug. 5， G， g: Aug. 22， H， h: 
Sep. 17， I. i: Oct. 2， J， j:Oct. 26. 






Radiationa.1 flu実 atlear surrace (u Einstein/ml/s) 
Fig. 32. Hourly and daily distributions of 
radiational flux at leaf surfaces on a 
fine day at the end of J uly of‘Fuji(M 
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Fig. 33. Hourly and daily distributions of 
radiational flux at leaf surfaces on a 
fine day at the end of July of 'Yorei' 
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Fig. 34. Seasonal changes in daily distributions 
of radiationalflux at leaf surface of 10 
stages (fine days on al days) of the 
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Fig. 36. Seasonal changes in light environments， 
i. e. mean radiational flux at leaf surfaces 
in a day (upper)， daily total radiational 
flux at leaf surfaces (middle) and daily 
irradiation efficiency (= daily total 
radiational flux at leaf surfaces/that at 
the soil surface of AOFX100%， 
lower) in 4 species of fruit trees. Numer-
als in the lower part indicate LAI on 
Jul. 22 
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Fig. 35. Seasonal changes in daily distributions 
of radiational flux at leaf surface of 10 
stages (fjne days on al days) of the 
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